The Src family kinases (SFKs) Src and Fyn are implicated in hypoxic-ischemic (HI) injury in the developing brain. However, it is unclear how these particular SFKs contribute to brain injury. Using neuron-specific Fyn overexpressing (OE) mice, we investigated the role of neuronal Fyn in neonatal brain HI. Wild type (WT) and Fyn OE mice were subjected to HI using the Vannucci model at postnatal day 7. Brains were scored five days later for evaluation of damage using cresyl violet and iron staining. Western blotting with postsynaptic density (PSD)-associated synaptic membrane proteins and co-immunoprecipitation with cortical lysates were performed at various time points after HI to determine NMDA receptor tyrosine phosphorylation and Fyn kinase activity. Fyn OE mice had significantly higher mortality and brain injury compared to their WT littermates. Neuronal Fyn overexpression led to sustained NR2A and NR2B tyrosine phosphorylation and enhanced NR2B phosphorylation at tyrosine (Y) 1472 and Y1252 in synaptic membranes. These early changes correlated with higher calpain activity 24 h after HI in Fyn OE mice relative to WT animals. Our findings suggest a role for Fyn kinase in neuronal death after neonatal HI, possibly via up-regulation of NMDA receptor tyrosine phosphorylation.
Introduction
Neonatal hypoxic-ischemic encephalopathy (HIE) occurs 2 in 1000 live births and is a leading cause of morbidity and mortality in infants. However, there are limited treatments (Ferriero, 2004) . The Src family kinases (SFKs) have recently been implicated in a rodent model of neonatal hypoxia-ischemia (HI). SFKs Src and Fyn are expressed in the developing brain and are activated in the postsynaptic densities (PSD) in response to neonatal HI (Jiang et al., 2008) . Specific inhibition of SFKs is protective (Jiang et al., 2008) suggesting that SFKs are involved in neonatal HI brain injury.
One of the proposed mechanisms by which SFKs contribute to brain damage following HI is through enhanced tyrosine phosphorylation of the N-Methyl-D-aspartate receptor (NMDAR) (Jiang et al., 2008; Takagi et al., 1999) . The NMDAR is an important determinant of survival and cell death in the developing brain (Ikonomidou et al., 1999; McDonald et al., 1987) . It is a heteromeric glutamate receptor composed of an obligatory NR1 subunit and modulatory subunits NR2A-D. NR1-NR2B receptors predominate in the neonatal brain, whereas NR1-NR2A receptors predominate at later stages of development. Excessive glutamate release in the setting of ischemia and subsequent overactivation of the NMDAR cause an influx of calcium ions that damages neurons leading to excitotoxicity (Choi, 1987; Olney, 1969; Olney et al., 1971) . Increased levels of intracellular calcium (Vexler and Ferriero, 2001 ) and recruitment of signaling molecules to the NMDAR (Ferriero et al., 1995; Jiang et al., 2003 Jiang et al., , 2008 are critical for the evolution of brain injury in the neonate.
Tyrosine phosphorylation of NR2A and NR2B by Src or Fyn enhances NMDAR channel conductance (Köhr and Seeburg, 1996) , prevents NMDAR internalization via phosphorylation at tyrosine (Y) 1472 of NR2B (Goebel-Goody et al., 2009; Nakazawa et al., 2006; Prybylowski et al., 2005; Roche et al., 2001 ) and controls calpain-mediated NR2B cleavage via phosphorylation at Y1336 (Wu et al., 2007) . Since NR2B is mainly phosphorylated by Fyn in the PSD, we determined the specific contribution of Fyn in neonatal HI brain injury by using mice with neuronal Fyn overexpression (OE). 
